Orbitrap Fusion - HRMS
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NTA background/approach

Documented findings (Cape Fear River, NC)
- Strynar et al., 2015

- Sun et al., 2016

— McCord and Strynar 2019

Documented findings (Tennessee River, AL)

~ Newton et al., 2017
Manchester, New Hampshire (NHDES)

West Deptford, New Jersey (NJDEP)
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Conceptual Mod
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Post PFOA Ste

Flugropolymer manufacture

Metal plating
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Wang et al. Environment International, 2013, 60, pp 242-248
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Isotope Signatur
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xample of

Octane
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Ml mass 114.1408
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&
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Octanoic Acid
M| mass 144.1150

Perfluorooctanoic Acid
Ml mass 413.9737
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Data Generation: So

Legacy PFAS are an indicator

Surface Water
Ground Water
WWTP Effluent
Drinking Water

Sampling from geographically or
temporally displaced locations allows

triangulation of sourcing
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Mass Defect of

23
b

q} P oo oA
Pt § R P B Sk
q} b3

: « Efflusnt

% * LUpsiream

©

=

E - mass defect

High Priority Species:
Unique to Downstream,
Likely Fluorinated

4
Retention Time

Lo
¥ -

ED_006086_00126878-00008



November 2015

Identification of Novel Perfluoroalkyl Ether Carboxylic Acids (PFECAs) Example Structures
and Sulfonic Acids (PFESAs) in Natural Waters Using Accurate Mass g :
Time-of-Flight Mass Spectrometry (TOFMS)

Mark Strynar, Sonia Dagnino,'i”; Rebecca I\/ic‘i‘\/lahqn,?'i Shuang Ligng,:‘ * Andrew Lindstrom,
Erik Andersen,” Larry McMillan,”® Michael Thurman,” hnma Ferrer,” and Carol Ball®

Monoether (6):
GenX

Talde 1. Accarate Mass of Polyfluorinated Compounds and In-Source Artifacts Found in Exiracted Water Samples

M e u
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3 Found in human serum Wilmington, NC 2019 (NCSU Kotlarz/Hoppin)
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November 2016

pubsacs.orgiournalfestioy

. SC18Nce &Technn!ngy

Legacy and Emerging Perfluoroalkyl Substances Are Important
Drinking Water Contaminants in the Cape Fear River Watershed of
North Caro?ﬁna

Mei Sun,® 0 Elisa Alualo, Mark Sh)mi, Andrew Lmdshom, Michael Richardson," Ben Kearns,
Adam Pml«Ltt Chris Smith,” and Detlef R. U. Knappe”

H
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2 PFPrOPrA

Community A
=127

Fayetteville, NC

Community B

7 h
Community C
n=34

PEPFOPrA (“GenX”)
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Lots of overburden (stuff) to sift
through

A lot of work
Some hidden gems

Only possible with NTA and,
HRMS works best
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Retrospective A

Date 296 847 3 848 9472 4086 8604 420 8667 340 85872 440 8302 540 8254
2011 11-4-11 . 5 5
1-26-12 ~ % ® . \ . . .
2012 2-1-12 ® % P o %
2-9-12 L, . .
5-4-12 ~ % « - « . . §
5-4-12 x % N . . .
2014 11-24-14 ¥ o % \ « N . .
2015 5-12-15
5-12-15 .
2017 5-12-17 % «
6-20-17 .
6-27-17 . . «
7-4-17 . . i}
7-11-17 . . §
7-25-17 . . i}
8-3-17 % % %
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Retrospective A

Date | 2969473 3469472 14069594 | 4269657 3409372 4409302 5409238
2011 11-4-11 . ; :
1-26-12 % « ) . .
2012 2-1-12 * * x .
2-9-12 x .
5-4-12 % « . 3} . )
5-4-12 x « \ . ) )
2014 11-24-14 « . "
2015 5-12-15
5-12-15
8-6-15

2017 5-12-17 % [M-H]-: 296.9473 Da
6-20-17

6-27-17 NVHOS /

7-4-17 i} . )
7-18-17 x x x
7-25-17 ) . )
8-3-17 % % %

Formula: C,H,F,0,5 ' ¥ o

ED_006086_00126878-00014



Retrospective A

201

2012

2014
2015

2017

Date
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346 9472

Also found in
Wilmington, NC
serum (NCSU
Kotlarz/Hoppin)
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X X

b4 b4
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F [M-H]-: 406.9595 Da

F

F Formula C,H,F 0,
426 9657 Da

Hydro -EVE

X

% %
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Retrospective Analysi
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2017

Eagg SN 08 GRS

Novel Polyfluorinated Compounds ldentified Using High Resolution

Mass Spectrometry Downstream of Manufacturing Facilities near
Decatur, Alabama

Seth Newton,'
and Mark Stryna

 MoMahen,” James A Stoeckel,” Mickael Chislock” Andrew Lindstrom,’

Tennessee River, Decatur, AL
» Basis of PFOA/PFOS PHA (2009)

facitiiey
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§ £ 32 L
.
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Nemethyl perfluorobutane
sulfonamidoacetic acid
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Figure 57 — Structures, names, and abbrevigtions for perfluorobutane sulforamides (PESAs)
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June 25t 2019

3M admits to unlawful release of PFAS

Alabama

R WOEARIE 8T, RS %

BECESTY POP
ERVIROMME:

Sy,
p s,

Chu et al. 2016
Fish - Canada and
Great Lakes

. .
:, )
SRRt

19
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Newton et al., 201

F - .
LIRS {ﬁ:
-
e . SO
f Lt
F F 2 <
TFE — PTFE (Telfon) % 8
5 v
o
F H i
. % ;5%

- H

DFE (Vinylidene fluoride) — (PVDF)

Protonated Formula

Figure 53 - Total area {sum of all isomers) of different species and their relative percentages in related
series at Site 2.
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Work with NHDES

PRAZRexults SeomniWaley

W ppt -~ wdh ppd

4 ppt

http://nhdes.maps.arcgis.com/apps/View/index.html?appid=66770bef141c43a98a445¢c54a17720e2& 21
extent=-73.5743,42.5413,-69.6852,45.4489
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MMS5 Impinger Sct

THERRSOTSINLE

WATEARA LT

FIGURE 3.1 dispersion pan
MODIFIED P& METHOD §
PEQA SAMPLING TRAIN

Slide courtesy of Jeff Ryan NRMRL

22
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Control Technolog
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C,F,0
184.9837 Da
F F F
F —0
F F F
HO
0
C,HFO,
77.0039 Da
F F F
F 0
F F F F
o

Molecular Formula: CH,F O,
Monoisotopic Mass: 261.98762 Da

[M+H]+: 262.994896 Da
[M-H]-: 260.980343 Da
F F F
F F F = Monoisctopic Mass: 522.967963 Da
o
\
O

In dispersion #6, drip pan 1, sump water, XAD inlet/outlet, filters inlet/outlet

Molecular Formula: C;F;O,
Monoisotopic Mass: 162.9824

Molecular Formula: C,F;0,
Monoisotopic Mass: 112.9856

- /
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Assessment of indu

25
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6:2 Fluorotelome

Chromatograms MS/MS spectra
T NL: 1.95E9 3-1-19Chemguard_NHdispersion10_Neg#3213 RT: 4.20 AV 1 NL: 929[5%86 0410
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o F:FTMS - p ES Full ms
[70.0000-800.0000] MS
3-1- -
19Chemguard_NHdispersi 980117 206.0480
on10_Neg 20,9569 152.0383
ﬁ: 918 Q%8 R N R 5§ S 595 532 B8R 48 745 78 [ i l ]
N JIEOAY T N LABET 586.0007
“ NL: 9.31E8 Dhad35.00 B0.0000-867.00001
5 mfz= 586.0376-586.0434
Chemguard AFFF F:FTMS - p ESI Full ms
[70.0000-800.,0000] M5 135.0122
F1-
E jem 1 206.0495
1& 9Chemguard_AFFF_Neg 20057 152.0388
00 05 10 15 20 25 30 35 40 45 50 55 60 B8 70 75 B0 T i b
Time {min}) Iz

Slide courtesy of James McCord NERL 26
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Select PFAS found in

Munoz et al., 2017 Environ. Sci. Technol.

AFFF deployment Lac-Mégantic
railway accident Québec, Canada

Flucrotelomermercaptoalkviamido sulfonate (FTSAS)

B . | o
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6:2 Fluorotelomer thioether
amido sulfonate

Lg— {}
£ CHy
HN
AL
H.C P
# oo L
¥

https://comptox.epa.gov/dashboard/dsstox

db/results?search=DTXSID70892333 ,
7
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Work with NJDE

Solvay
Specialty
Polymers

Chemours -
Chambers
Works
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Work with NJDE

)

Table 1. New Jersey versus national PENA detections (>20

ng/L) in public water supplies in initial UCMR3 results

New Jersey
(as of 1/22/13)

National (other than NJ)
(as of January 2015)

Number of PWS | % of PWS

Number of PWS

% of PWS

2.5%

6/3483

0.2%

https://www.state .nj.us/dep/watersupply/pdf/pfna-health-effects.pdf

30
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Work with NJDE

In private well testing results reported to NJDEP (July 18, 2014),

. PFNA (at > 2.5 ng/L) was detected in wells at 26 of 94 (28%) of residences tested in the
vicinity of the West Deptford industrial facility.

. Fifteen of the wells had PFNA levels above 20 ng/L

. highest concentration found was 1,500 ng/L

PFNA is the primary component of Surflon S-111 (a polymer processing aid (PPA))
(CAS # 72968-3-88), a commercial mixture of linear perfluorinated carboxylic acids. Prevedouros et
al. (2006)

composition of Surflon S-111 by weight as
PFNA perfluornonanoic acid (C9), 74%;

PFUnNDA perfluoroundecanoic acid (C11), 20%;
PFTrDA perfluorotridecanoic acid (C13), 5%;

https://www.state.nj.us/dep/watersupply/pdf/pfna-health-effects.pdf 31

ED_006086_00126878-00031



PFIND26; DUP
PFNA ~2,250 ng/L
PFOA ~ 600 ng/L

Targeted Analysis — Legacy PFAS

WAFHRS B PFFHpSA BPFOA B PRNS BPFRS BPFES BPFRHS BRFROS
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Representative C
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Major Peak Consti

CsCIF 4120, ~ Fragment?

366.9404 Dimer
CoCIF 140, 922 8613
460.9268
924 8566
368.9351
3687 9407
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366 368 370 4619302 1 L
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450 . e
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niz

« Unequivocal assignment of terminal Cl and ether positions based on MS/MS experiments

« Confirmation of Dimers and in-source fragments from prior slide, with additional experiments (not
show)

35
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Wang, Z., et al. (2013). Environ. Int. 60: 242,
EFSA J, 8 (2) (2010), p. 1519, 10,2905/ efsa 20101510
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M-CF,

From single identified mass of
interest we identified additional
species related by CF,
repeating units

Also found in soil, sediment and
plant material (John Washington —
NERL Athens)

Time {min)

37
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Solvay
CAS 329238-24-6

Solvay 1,1

Solvay 1,0

Solvay 0,1

Solvay 2,0
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OH
F Monoisotopic Mass: 577.922508 Da

F F
Ny F Sy
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F ><
F - Foi
F © F
e}
Cl F v F
F F
FF Re OH
F g F Monoi ; .
F o - onoisctopic Mass: 461.933981 Da
F F
F .
F
F O~
F

o O
F
) OH
Y - Monoisotopic Mass: 411.937175 Da

E IS /F g F };: o]
Cl E o 4.,_;
F F e i‘- OH
F X\" Fodoom
F o“’ S 4
F

F Monoisotopic Mass: 627.919315 Da
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Monoisotopic Mass: 527.925702 Da
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Nontargeted A
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Additional

« R3 State of West Virginia DAQ — stack emissions for
Chemours Washington Works plant

« RS state of Michigan Department of Environment, Great Lakes
and Energy - ldentification of PFAS in Fume Suppressants in
Chromium Electroplating Facilities

40
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